Enzymes have been used in detergents over the years. They can improve the detergent's efficiency due to their activities against hard stains. Nevertheless, enzymes cannot maintain their properties indefinitely, since they are exposed to stress factors, like temperature, pH, mechanical processes and others. Consequently, enzymes lose their structure and they are not functional. For this reason, microencapsulating these proteins is a feasible solution to improve their use in industrial processes and commercial products. Spray drying technology has been selected because a lot of scientific literature proved its useful application in a variety of industries. In particular, savinase and lipase are the two encapsulated enzymes in this work. Savinase attacks proteins and lipase removes fats, so they are suitable enzymes for detergent industry. Arabic gum has been used as wall material. Morphology, size and activity of the obtained microcapsules have been analyzed in order to find the best conditions to produce them. In conclusion, useful microcapsules of lipase and savinase can be obtained with the mentioned technology.
Introduction
Clothes can get dirty with inorganic and organic stains. Inorganic dirt can be removed easily, while organic stains are often insoluble in water and they are stuck on clothes. In this type of dirt, enzymes are useful [1] .
Enzymes have been used to improve the cleaning efficiency of detergents for more than 35 years. They are catalytic proteins. The action of enzymes in detergents depends on a variety of factors, like washing temperature, type of stains to be removed, detergent's composition, washing procedure and wash-water hardness. However, all types of enzymes are not acceptable for their use in detergents. In order to use enzymes in detergents, they should have some characteristics [2] : -Stability at temperature is over a broad range from 20˚C to 50˚C and even above; -The optimum pH should be in alkaline range; -It should be detergent compatible; -It should have specificity towards different compounds.
Over the years, enzymes have been attractive in detergent industry because they are derived from renewable sources, they reduce energy use and costs and they are highly space-efficient, since a little amount of enzyme can remove a lot of different stains [3] .
Moreover, enzymes account for about 6% of the total raw material costs for powder detergents [4] .
Lipase and savinase are two types of enzymes which are used in detergents due to their cleaning properties. On one hand, lipase is classified as hydrolase, since it catalyzes the hydrolysis of water-insoluble long chain triglycerides [5] . It can remove tomato, butter, oils, chocolate and cosmetic stains [2] . On the other hand, savinase represents a subgroup of high-alkaline proteases belonging to subtilase enzyme family, so they catalyze the cleavage of peptide bonds in other proteins [6] [7] . Specifically, it is a serine protease [3] . Savinase enhances the cleaning of protein-based soils, such as grass, blood, human sweat and egg [2] .
However, the stability of these enzymes is not good. They should add to detergents formulation and be employed in laundering. This is a mechanical process which could break the enzymes. Furthermore, lipase and savinase are protein molecules, so they can be denatured and inactivated under certain conditions, like an improper pH or temperature, so their activity could decline [8] . Concretely, savinase has got an irreversible thermo-inactivation at 70˚C, which seems to lead to the auto digestion of that enzyme [9] . Therefore, microencapsulation can be a possible solution for this inconvenient.
Microencapsulation technique has been used in chemical industry for different types of products (fertilizers, pesticides, pharmaceuticals, carbonless paper, scented products, detergents, etc.) since 1930s [10] . For example, this technique is one of the most important used to process food because it preserves food properties [11] , [12] . In microencapsulation, a wall material represents the package of different active ingredients, which can be solid, liquid or gaseous [13] .
Enzymatic encapsulation in detergents confers a series of advantages among which the followings stand out:
A) Improvement of the catalytic stability against temperature and pH in the washing environments.
B) Increased tolerance to organic solvents and other inhibitors present in detergents. C) Increased mechanical stability. D) Increase in the rate of enzymatic reuse. E) Increased profitability and viability of manufacturing processes.
F) Improvement of functionality in bioreactors. The purposes of using microencapsulation in these products are, to achieve controlled release, to protect sensitive materials from their environment or to make active materials easier and safer to handle [10] .
The term "microcapsule" is defined as a spherical particle with a size between 50 nm to 2 mm and it contains a core substance. Microcapsules vary in size and shape and they may also possess additional external wall [14] . Choosing a correct wall material is essential because it must to protect the active ingredient [15] , [16] . In this case, we have used Arabic gum. It is a natural polysaccharide composed of sugars galactose, arabinose, rhamnose and glucuronic acids. It contains a protein component, too [17] . Most studies have confirmed that Arabic gum is useful in microencapsulation because of its properties [18] .
The aim of the present research is the microencapsulation of lipase and savinase with spray drying using Arabic gum as shell material and spray drying as a microencapsulation technology in order to:
• Prevent or retard degradation of the enzyme in detergent formulations.
• Separate incompatible substances that can affect the enzyme activity in detergent formulations.
• Facilitate the dosage of detergent powder.
This process would allow us to have these enzymes in a more stable way so they could be used in detergents more efficiently. In this article, we are going to describe the stages of achieving enzymes' microcapsules and a way to verify that they are functional. Parameters such as inlet temperature, suction power and mass relation between Arabic gum/enzyme will be optimized in order to obtain microcapsules with adequate morphology and high encapsulation efficiency and encapsulation yields. Scanning electron microscopy allows identifying the microcapsules morphology and spectrophotometry methods allow to determinate the activity of the enzymes.
Materials and Methods

Materials
Arabic gum from Acacia tree (Sigma-Aldrich, Spain) has been used as shell material. We have chosen this compound because it is soluble in water, so it will set free the active ingredients during the washing cycle. The core materials are the two enzymes, used separately: commercial lipase (LIPEX 100L) (Univar Iberia, Spain) and commercial savinase (SAVINASE 16L) (Univar Iberia, Spain).
On the other hand different reagents have been used to determine the enzyme activity:
• For lipase analysis: 4-nitrophenyl acetate (PNPA) (Sigma-Aldrich, Spain), • For savinase analysis: porcine hemoglobin (Sigma-Aldrich, Spain), trichloroacetic acid (Sigma-Aldrich, Spain), sodium hydroxide (Sigma-Aldrich, Spain) and Folin & Ciocalteu's phenol reagent (Sigma-Aldrich, Spain). In both tests, phosphate buffered saline medium at pH 7.4 (Sigma-Aldrich, Spain) was used.
Emulsion Preparation
As we had to find the correct conditions of the microencapsulation process, some experimental matrices were designed in order to determine the most suitable values.
Tested proportions of the materials are showed in the Table 1 . The emulsion has been completed with distilled water until 100 ml in lipase experiments and 50 ml in savinase tests. In this way, homogeneous emulsions have been obtained.
Emulsions were prepared at a constant agitation speed of 1200 min −1 , during 15 min at room temperature. The best proportions were 1:1 for lipase and 1:2 for savinase according the SEM study.
Microencapsulation by Spray Drying
Spray-drying was performed using a spray-dryer BÜCHI B-290 (BÜCHI, Switzerland) with a standard 0.7 mm nozzle. The Figure 1 is a spray-dryer's diagram [19] .
The experimental parameters are showed in Table 2 . Low temperatures were selected because proteins can be denatured at temperatures Figure 1 . Diagram of spray drying process. Feed is atomizated; it gets in contact with spray-air; drying is produced in the drying chamber; and the dried product is separated from the drying air in a cyclone powder collector. around 70˚C [20] . The important observation to be made is related to the fact that, for high inlet air temperatures and low feed flow rates, the outlet temperature compromises the enzymatic activity. The suitable experimental conditions and proportions are showed in Table 3: 3. Characterization Tests
Determination of Microcapsules Morphology. Scanning Electron Microscopy (SEM)
For microcapsules surface observation, a PHENON scanning electron microscope (FEI Company, United States) was used. Each sample was fixed on a standard sample holder and sputter coated with gold. Samples were then examined with suitable acceleration voltage and magnification [21] .
Determination of Encapsulation Yield (EY%)
The encapsulation yield was calculated as ratio of the weight of the resultant powder after spray drying from the collecting bottle and the weight of all solids (including wall and core materials) in the emulsion, expressed as percentage. Some microcapsules adhering to the walls of the drying chamber or cyclone were not considered, so this yield will be only approximate. 
Particle-Size Distribution (Mastersizer)
Mastersizer E 3000 (Malvern Instruments Ltd., UK) is a particle-size analyst. It measures the particle-size distribution due to the measurement of dispersed light intensity. This fact occurs when a laser goes through the dispersed sample of particles. So, microcapsules of savinase and lipase were dispersed in 15ml of ethanol, due to the insolubility of Arabic gum in this medium. Then, they were analyzed by this method.
Study of Enzyme's Activity
The protein activity was analyzed by spectrophotometry using a spectrophotometer UV-vis (Thermo scientific, Spain). The protein content will be determined by comparing the absorbance of enzyme samples before and after microencapsulation process. In the case of lipase, it has got esterase activity too. So, lipase can hydrolyze 4-nitrophenyl acetate (PNPA) and the product of the reaction, 4-nitrophenol, has got a maximum absorbance at 400 nm. However, savinase is a protease, so the method of Anson was used [22] .
Different concentrations of commercial enzymes were prepared: 0.2, 0.5, 1, 1.5 and 2 (mg/ml). In all of them, the phosphate buffer at pH 7.4 was used.
First, 50 µl of each concentrations of lipase were dissolved in the buffer and then 30µl of PNPA 30 mM were added and shaken. The solution was left in repose, for 1 hour, for obtaining a stable reaction. Finally, the absorbance was measured at 400 nm for all samples. With the obtained results, was realized the calibration curve for lipase.
For savinase, the same concentrations of enzymes were used. 5 ml of hemoglobin 20 mg/ml and 1 ml of enzyme were mixed during10 minutes at 35.5˚C. Next, 10 ml of TCA 0.3 M were added and the samples were centrifuged during 30 minutes at 4000 rpm. 5 ml of the supernatant was taken and mixed with 10 ml of NaOH 0.5 M and 3 ml of Folin & Ciocalteu's phenol reagent. In addition, samples were diluted at a ratio of 1:10 and the absorbance was measured at 750 nm. Thus, a calibration curve was realized for savinase.
The same protocol was followed for the microcapsules using two concentrations of the microcapsules: 2 mg/ml and 4 mg/ml. Three replicates were done for each concentration.
Results and Discussion
Microcapsules Morphology. Scanning Electron Microscopy (SEM)
The morphology of the enzymes microcapsules was studied by scanning electron mi-croscopy (SEM). Figure 2 shows the micrographs of microcapsules obtained in the best conditions.
Inlet temperature must not be high because enzymes could lose their activity. Both enzymes require similar conditions. Table 4 shows encapsulation yields of the most suitable microcapsules. They were obtained using the mass ratio 1:1 (enzyme:Arabic gum) for lipase and 1:2 for savinase. Although yields are not high, they represent good results. Some trials revealed higher yields, but the morphology of the microcapsules was not correct. This may be due to the mass ratio, considering that we employed similar experimental conditions in all trials.
Determination of Encapsulation Yield (EY%)
Particle-Size Distribution (Mastersizer)
The results of this analysis are showed in Figure 3 .
These diagrams indicate the size of the microcapsules. Lipase microcapsules have a size between 2 and 30 µm approximately. Savinase microcapsules have similar size. The majority of microcapsules dimensions are around 9 µm, so they have an appropriate size.
Results of Study of Enzyme Activity
The enzymes calibration curves obtained are the next (Figure 4) .
The absorbance of two enzymes samples with different concentrations, 2 and 4 mg/ml, were measured. To achieve 2 mg/ml sample 50 mg of microcapsules were weighed, and 100 mg for 4 mg/ml sample. Then, 25 ml of phosphate buffer were added.
The results are shown in the next Table 5: The next stages allowed us to calculate theoretical and experimental concentrations: -Theoretical concentrations (Table 6) 1) Relation (mass ratio) between enzyme: Arabic gum. It is 1:1 for lipase and 1:2 for savinase.
2) Amount of enzyme and gum according to their mass ratio.
3) Concentration of enzyme in dissolution. 4) Calculate the enzyme amount in 50 µl that were used for tests. 5) Amounts of enzyme and gum considering the yield of microencapsulation process.
-Experimental concentrations (Table 7) 1) Calculate concentrations with absorbance and calibration straights. They are concentrations in 50µl of dissolution.
2) Calculate amount of enzyme in weighted microcapsules.
As a result, the theoretical amounts of enzymes are higher than experimental amounts. The next Table 8 critical variable in spray drying is the outlet temperature. A low outlet temperature is necessary to avoid loss of activity. In order to have a suitable operational policy, it is important to consider that the outlet temperature increased with increasing inlet temperature and decreased with increasing liquid feed rate [25] [26] [27] . In our study we have optimized parameters such as inlet temperature, suction power and mass relation in order to obtain microcapsules with adequate morphology and high encapsulation efficiency and, we calculated the enzyme concentration in microcapsules in order to observe the loss enzyme activity in the best microcapsules. The outlet air temperature was kept low in both experiments (around 36˚C -37˚C) in order to obtain high enzymatic activity in dried microcapsules. The important observation to be made is related to the fact that, for high inlet air temperatures and low feed flow rates, the outlet temperature compromises the enzymatic activity. The loss of activity for each enzyme in the microencapsulation process has been (Table 9 ).
Conclusions
In this work, we studied the microencapsulation by spray drying processes for lipase and savinase enzymes. The spray drying conditions were selected based on the influence of different parameters in enzyme activity.
The inlet air temperature and feed flow rate were selected based on the influence of the enzymatic activity. The loss of activity depended primarily on the inlet temperature and the time of the drying.
From the study of morphology and size of the microcapsules, the optimal conditions were selected. The product obtained showed a perfect morphology and size in an efficient way, although encapsulation yields are not high.
So, this work demonstrated that it is possible to obtain microcapsules of savinase and lipase with the established conditions even working at low temperatures, giving that spray drying usually needs higher inlet temperatures, although a part of enzymes has been inactivated during the microencapsulation process and, a loss of enzymatic activity was obtained.
The loss of enzymatic activity was considerable in lipase enzyme microencapsulated, but in savinase enzyme microencapsulated this lost was smaller. Therefore for savinase enzyme, the microencapsulation process is technically and economically feasible. 
